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As the most commonly diagnosed cancer in women, and the pri-
mary cause of cancer death in women globally,1 breast cancer con-
tinues to be a significant public health issue. Although widely
recognized risk factors, such as genetic mutations, reproductive
history, and lifestyle choices, contribute to breast cancer risk, they
do not account for a majority of the disease,1–3 and many of these
factors are not easily intervened upon. Moreover, although some
modifiable risk factors have been identified, incidence rates con-
tinue to increase for certain groups.4 The identification of new risk
factors, particularly those that lend themselves to intervention, are
needed. Epidemiologic evidence is accumulating in support of a
role for various environmental chemicals in breast cancer etiology,
including ambient air pollution, personal care products, and persis-
tent organic pollutants, such as some pesticides.5 Given their wide-
spread nature and the potential for policy changes or public health
interventions to reduce exposure, environmental chemicals are
promising targets for addressing breast cancer incidence.

In this issue of Environmental Health Perspectives, Kay et al.6
update their prior list7 of mammary carcinogens by drawing upon
the key characteristics framework developed by the International
Agency for Research on Cancer. In doing so, they broadened the
approach to identifying mammary carcinogens by incorporating
information on chemical bioactivity, including both genotoxicity
and endocrine disruption. In particular, the inclusion of biologic
activity of endocrine-disrupting compounds (EDCs), which are
frequently encountered in daily life, is important given the hor-
monally influenced nature of most breast cancer types. In this
new effort combining carcinogenicity and mechanistic bioactivity
data, the authors have compiled a list of compounds relevant to
breast cancer that can be used to help prioritize chemicals for
study and to enhance prevention efforts.

Research on exogenous chemicals and breast cancer risk has
been limited, in part due to sparse environmental measurements8
and other relevant data. For many agents on the list compiled by
Kay et al., the epidemiologic evidence for cancer is derived primar-
ily from high-exposure occupational settings, in which women
tend to be underrepresented9 and which likely reflect different
exposure patterns and routes of exposure than typically occur
in the ambient environment. Another issue is the possibility that

environmental risk factors are contributing to the increasing inci-
dence of early-onset breast cancers (i.e., those diagnosed in women
<50 years of age).10 Some of this increase is likely attributable to
greater screening and early detection,10,11 but exposure to harmful
chemicals long before breast cancer occurs may also be relevant.
Growing epidemiologic evidence indicates that EDC exposure—
particularly during specific vulnerable life stages, including during
the prenatal period, early life, puberty, pregnancy, and menopausal
transition—may affect breast cancer risk.12 Research on exposures
occurring during these windows of susceptibility has the potential
to advance our understanding and prevention of breast cancer.

Studying the environmental etiology of breast cancer comes
with considerable challenges as well as exciting opportunities.
Given the long latency of the disease and opportunity for women to
experience complex, cumulative exposures to numerousmammary
carcinogens over their lifetime, exposure characterization is a
major challenge for epidemiologic studies. For example, assessing
exposures during the aforementioned critical windows requires
creative study design approaches. Newly developed statistical
methods for analyzing exposures to mixtures offer improvements
in evaluating the risk associated with multiple, correlated expo-
sures to better reflect real-world exposure patterns, accounting for
co-occurring exposure to multiple chemicals. Targeted exposure
measurement approaches, informed by this new list and used in
conjunction with new analytic mixture methods for identifying the
“bad actors” among correlated exposures, may be the key to mov-
ing the needle in identifying novel environmental contributors to
breast cancer risk.

The consideration of multiple endocrine-disrupting pathways,
including steroidogenesis and estrogen receptor (ER) agonism and
the enrichment of EDC activity among mammary carcinogens, is a
nice addition to this work. Nearly half of all mammary carcinogens
evaluated by Kay et al. show both endocrine and genotoxic activ-
ity, which underscores the importance of considering multiple bio-
logic pathways. In addition, as the authors note, evaluation of
chemicals independently may not represent the effect of multiple
exposures or mixture effects on breast cancer risk. However, infor-
mation on individual effects can be enlightening in the setting of
limited correlation among multiple chemicals. It can also be useful
when using a priori data to inform mixture analyses when correla-
tion between compounds is very high and the associations are chal-
lenging to disentangle.

Despite the efforts made here to better characterize and priori-
tize the chemicals to which we are exposed, difficulties remain.
The number of industrial chemicals in U.S. commerce is large,13
and many are not routinely measured,8 indicating a need for future
studies to expand the agents considered for inclusion in analyses.
Indeed, among the EDCs newly identified byKay et al. as potential
rodent mammary carcinogens that also exhibited genotoxicity,
including some widely used chemicals, cancer studies were absent
for more than half. The list is also a constantly moving target, with
new chemicals introduced into the environment at unpredictable
intervals.14 Untargeted exposure assessment approaches, although
not always scalable, may therefore complement targeted strategies.
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Our opinion is that understanding of the role of these environmen-
tal chemicals on the development of breast cancer will bemost crit-
ically informed by combining data from robust exposure studies
with those from epidemiologic investigations.

Finally, we note that nonhormonal etiologic mechanisms have
received comparatively less study than endocrine disruption path-
ways. In part because these tumors comprise less than a quarter
of breast cancers,15 the etiology of ER-negative tumors is not
well understood. These cancers have been linked to environmen-
tal exposures in a small number of studies16–18 and are also im-
portant from a public health perspective because of their poorer
prognosis.

Despite decades of research and extensive public health inter-
est, how the environment influences breast cancer risk is not well
understood. Improving our knowledge of risk factors for breast
cancer is crucial to reducing its incidence and alleviating the
overall burden it imposes. The addition of new environmental tar-
gets should spur focused future investigations with the potential
to identify new risk factors for this disease.
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